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ABSTRACT
Insect Communities of Native and Restored 
Wet-Mesic Tallgrass Prairies in Central Nebraska:
Leafhoppers, Planthoppers, Treehoppers, and Ants
Kristine T. Nemec, MA 
University of Nebraska, 2003
Advisor: Dr. Thomas B. Bragg
Insect diversity was compared between and among three native and three restored 
wet-mesic tallgrass prairies along the Platte River in central Nebraska in order to assess 
both the relative success of restorations and the relationship between insect and plant 
diversity. Insects were sampled using sweep nets from two transects within each prairie 
during early June, mid-July, and mid-August 2000. Plant species composition was 
assessed along each transect in early June and mid-August. A total of 71 leafhopper, 12 
planthopper, 3 treehopper, and 11 ant taxa were identified, of which 20 were prairie- 
endemic and 16 were highly remnant-dependent. Eighty-five plant taxa were also 
identified. For leafhoppers and treehoppers, both Species Richness and Shannon 
diversity were higher for restorations (for leafhoppers, S = 17.1 ± 0.98 taxa/400 sweeps 
and H' = 1.38; for treehoppers, S = 0.7 ± 0.18 taxa/400 sweeps and H' = 0.290) than for 
native prairies (for leafhoppers, S=  13.6 ± 0.75 taxa/400 sweeps and H'=  1.24; for 
treehoppers, S = 0.06 ± 0.056 taxa/400 sweeps and H r = 0) and the differences were 
significant (P < 0.05). Similar trends were observed for planthoppers although 
differences were significant only for Shannon diversity. As with all three insect groups, 
both Species Richness and Shannon diversity of plants were higher at restored prairies (S
= 15.6 ± 1.57 taxa/20-m transect, H '~  1.07) than at native prairies (5*= 14.3 ± 1.27 
taxa/20-m transect, H ’ = 1.04) although differences were not significant. The difference 
in plant diversity between restored and native prairies most likely reflects the combined 
effects of the high-diversity seed mix used in prairie restorations and the effects of long­
term management or fragmentation that may have reduced plant diversity in native prairie 
remnants. That insect diversity paralleled plant diversity, however, emphasizes both the 
relationship between the two and the importance of restoring or managing prairies to 
maximize plant diversity.
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INTRODUCTION
The Tallgrass Prairie (Andropogon-Panicum-Sorghastrum) (Kiichler 1964) once 
covered over 64 million ha of central North America, extending from southern Manitoba 
to southern Texas (Transeau 1935, Reichman 1987). Since European settlement, 
however, more than 99% of the ecosystem has been lost, primarily from conversion to 
cropland (Klopatek et al. 1979, Samson and Knopf 1994). The amount of the loss, 
however, varies across its historic range. In Nebraska, for example, this ecosystem has 
declined 98%, from an estimated 6.1 million ha to 123,000 ha (Samson and Knopf 1994). 
The magnitude of this decline makes the tallgrass prairie one of the most critically 
endangered ecosystems of the United States (Noss et al. 1995). Further, the remaining 
prairie occurs in scattered remnants often vulnerable to invasion by exotic or woody 
species or too small to apply management suitable to maintain the biotic characteristics of 
the historic prairie (Risser 1988). This alteration of the Great Plains landscape not only 
threatens regional biodiversity but also effects ecosystem services such as reduced soil 
erosion and improved water quality (Ostlie et a l 1997). In the mid- to late-1900s private 
and public conservation-focused organizations initiated various efforts to restore tallgrass 
prairie in suitable locations that included efforts to convert agricultural fields to prairie by 
planting native plants. While conceptually, such restorations are intended to offset some 
of the effects of the loss of tallgrass prairie, their ability to do so effectively is still being 
evaluated. Currently, these evaluations focus on various ecosystem attributes including 
floral and faunal diversity and composition and soil characteristics.
In general, prairie restoration is a slow process with recovery of some soil
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characteristics requiring 5-10 years (e.g., soil aggregation, Jastrow 1987) and that of plant 
communities even longer. For example, 15-35 years after prairie restorations in Illinois 
and Kansas, plant community composition was only beginning to approximate the 
composition of native prairie (Corbett et al. 1996, Kindscher and Tieszen 1998). 
Extrapolations from these and other studies suggest that it may require several hundred 
years for the plant communities of tallgrass restorations to approximate the composition 
of native prairies (Schramm 1990, Kindscher and Tieszen 1998). For the invertebrate 
community, however, native composition may return more quickly (Ahlering et al. 1999) 
(personal communication, Dr. Ted Burk).
Invertebrates may be important in assessing the overall success of prairie 
restorations (Arenz and Joem 1996) since they fill a variety of ecological niches (Morris 
et al. 1991, Miller 1993). Several studies have described invertebrates of native tallgrass 
prairies (Kopp and Yonke 1970, Blocker and Reed 1976, Cwikla and Blocker 1981,
Evans et al. 1983, Whitcomb et al. 1987a, 1987b, Wilson et al. 1993, Brand and Dunn 
1998, Foster and Kettle 1999, Henderson et al. 2002) while others have evaluated 
restored tallgrass prairies (Henderson et al. 2002). However, only a few studies have 
evaluated the success of prairie restorations by comparing invertebrate communities 
(Sesler and Schramm 1990, Reed 1995a, 1995b, Debinski and Babbit 1997, Brand and 
Dunn 1998, Ahlering et al. 1999, Foster and Kettle 1999, Bomar 2001). These various 
studies may be divided into those studying below-ground invertebrates and those 
focusing on above-ground invertebrates.
In contrast to the more rapid recovery of their soil habitat to natural conditions
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(Jastrow 1987), soil invertebrate recovery following restoration is slow, although the 
rates may vary among groups. For example, 16 years following restoration, the 
abundance of springtails (Order Collembola; a common soil detritivore) differed 
significantly between native tallgrass prairie and 16-year-old restorations in both 
southwestern Michigan and northeastern Illinois (Brand and Dunn 1998).
Studies contrasting above-ground invertebrates of native and restored grasslands 
often focus on butterflies (Order Lepidoptera), of which many are either prairie- 
dependent or are found only on high-quality native prairie (Panzer et al. 19 9 5 ). The 
results of such comparisons, however, are not always consistent. For example, Sesler and 
Schramm (1 9 9 0 )  found butterfly Species Richness to be higher on a restored site (S = 2 8 )  
than on any of four native sites (S = 10-19). In contrast, however, Debinski and Babbit 
(1 9 9 7 )  found Species Richness of butterflies on a native prairie in Kansas ( S -  18) to be 
equally as high as on one of four restored areas (S = 18) although richness was lower on 
the rest and there were no statistically significant differences among native and restored 
areas. In addition to differences attributable to the diversity of plants introduced in 
restorations, these different responses may be more a function of different types of 
management than whether sites were restored or native. For example, in the study by 
Sesler and Schramm, the restored site (S = 2 8 ) had been burned the previous spring while 
the native sites (S = 10-19) had been managed by mowing. In another example, but with 
opposite effects on richness, Debinski and Babbit (1 9 9 7 ) found Species Richness to be 
lowest (S = 14) at a restoration managed with axspring bum one year prior to the study 
and highest (S = 18) at a native site that had been burned a few months prior. In the same
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study Species Richness was equally as high (S = 18) at a restoration that had never been 
burned, mowed, or grazed. While the effects of fire vary, the persistence of these effects 
is temporary varying from 1-2 years (Panzer 2002) to 3-5+ years (Swengel 1996). The 
persistence of butterfly populations, however, suggests their ability to withstand a variety 
of treatments and seasons of application when viewed over time rather than when focused 
at one point in time (Huebschman and Bragg 2000).
As for other variables affecting butterflies, a significant correlation was found 
between prairie size and both butterfly density and butterfly Species Richness (Sesler and 
Schramm 1990). Debinski and Babbit (1997), however, observed that vascular plant 
species richness, logically expected to parallel butterfly diversity (Strong et al. 1984), 
was not a good predictor of butterfly species richness.
A few comparative studies have focused on other above-ground invertebrates of 
native and restored prairie, all of which indicated higher diversity on native sites. For 
example, in southeastern Minnesota, Species Richness of flower-visiting insects, 
including bees, wasps, flies, butterflies, and moths, was higher in native prairie remnants 
than in prairie reconstructions, although the difference was not significant (Reed 1995a, 
1995b). Further, no obvious relationship was found between insect species richness and 
forb species richness, site size, age of restoration, or number of individual flowers, 
although these relationships were not statistically tested. In another study, grasshopper 
species richness was also generally higher on native prairies than on reconstructed 
prairies in western and south-central Wisconsin (Bomar 2001). In that study, the largest 
native and largest reconstructed prairies were the most species-rich. In Kansas, the
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mound-building ant Formica subsericea of native prairie was still absent 41 years after 
restoration (Foster and Kettle 1999) suggesting that ant diversity may also be lower in 
restorations. The degraded soil quality and low plant diversity of the restorations were 
given as likely factors preventing F. subsericea from becoming established at these 
prairies.
Rather than directly compare native and restored prairies, some studies have 
attempted to identify indicator species that can be used to assess prairie quality and thus 
provide an alternate means by which to compare native prairies with prairie restorations. 
Two categories of indicator species have been proposed: remnant-dependent andprairie- 
endemic. Panzer et al. (1995) consulted entomological publications, amateur and 
professional entomologists, and specimen labels to create a list of remnant-dependent 
insect species for prairies in the Chicago, Illinois region. This general approach was 
based on the assumption that remnant-dependent species make the best indicators of 
prairie quality since these species should be most vulnerable to habitat disturbance. 
Remnant-dependency was based on a species’ occurrence only in native prairie remnants. 
In that study, 31% of leafhopper species (n = 291) and 13% of planthopper species (n = 
15) were found to be remnant-dependent. From these results they concluded that 
attempts to select and assess the adequacy of preserves should focus on remnant- 
dependent species.
An alternative approach to identifying indicator species was proposed by 
Hamilton (1995a), who used species endemic to prairies as indicator species. Prairie- 
endemics are those species having host plants found only on native prairie or closely
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associated habitats (e.g. savanna) (personal communication, Andy Hamilton). In his 
survey of 100 northern tallgrass prairies (located in Illinois, Minnesota, Wisconsin, North 
Dakota, South Dakota, and Manitoba), Hamilton focused on leafhoppers and caliscelid 
planthoppers determining 72 leafhopper and 7 caliscelid planthopper species to be 
prairie-endemics. By quantifying the presence of prairie-endemic caliscelid planthopper 
and leafhopper species, Hamilton (1995a) then classified prairies as being depauperate 
(0-1 endemic leafhopper and caliscelid planthopper species), poor (2-3 endemic species), 
fair (4-5 endemic species), good (6-8 endemic species), very good (9-11 endemic 
species), or excellent (12-24 endemic species).
Although many prairie restoration studies have been conducted in Wisconsin, 
Minnesota, Kansas, and Illinois, fewer have been conducted elsewhere. One area of 
particular interest to this study is the success of restoration efforts along the Big Bend 
Reach of the Platte River in the south-central portion of Nebraska, an area well known as 
an important habitat for migrating birds (Krapu 1987, LaGrange 1997). Assessments of 
the success of these restorations, however, have primarily focused on waterfowl since 
they are the principal impetus for these efforts. Aside from a study on benthic wetland 
invertebrates (Gordon et al. 1990), a broad inventory of insects at Mormon Island Refuge 
(Ratcliffe 1981), and aquatic and terrestrial insect surveys currently being conducted by 
the Platte River Whooping Crane Trust, little research has been conducted on 
invertebrates in the region and no studies have compared native and restored sites. This 
study was designed to fill some of these gaps in knowledge about above-ground insect 
community composition in native and restored lowland prairies along the Platte River.
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Specifically, this study tests the hypothesis that there is a positive relationship 
between plant and insect diversity. This study will also expand on the limited 
understanding of invertebrates in prairie restorations while also providing a descriptive 
base for future comparisons. Specifically, I tested three null hypotheses:
1. Ho: Insect diversity will not differ between native and restored sites.
2. Ho: The proportion of prairie-endemic and highly remnant-dependent insect
species will not differ between native and restored sites.
3. Ho: Plant diversity will not differ between native and restored sites.
METHODS
Study Sites
The study was conducted in central Nebraska along the western edge of the 
tallgrass prairie region in central North America (Fig. 1). A continental climate prevails 
in the region with mean monthly temperature varying from -3.7°C in the winter to 23.4°C 
in the summer (Owenby and Ezell 1992). Annual precipitation averages 629-632 mm 
with most (ca. 75%) occurring from April through September in the form of rain from 
thunderstorms (Owenby and Ezell 1992). Soils of the study area belong to either the 
Entisol or the Mollisol Soil Order and consist of a surface layer of silty clay loam or 
sandy loam over sand and gravel (Yost et al. 1962, Buller et al. 1974).
After an initial survey of several potential sites, three native and three restored 
prairies, established on previously cultivated land, were selected for study. All sites were 


























of Keamey and Alda (Fig. 1). All sites had been classified as wet-mesic tallgrass prairies 
(Steinauer and Rolfsmeier 2000) which occur in floodplains and may have standing water 
during the spring or after heavy rains. Characteristic plant species include Andropogon 
gerardii (big bluestem), Helianthus maximilianii (Maximilian sunflower), Hypoxis 
hirsuta (yellow stargrass), Liatris pycnostachya (prairie blazing star), Panicum virgatum 
(switchgrass), Silphium integrifolium (rosinweed), and Sorghastrum nutans (Indiangrass). 
In addition to comparable surface hydro-geology, restored prairies were selected to be of 
similar age and size (Tables 1 and 2). Comparably sized native prairies were sought 
although, in the end, the most suitable choices included one native site (Rowe Prairie) 
that was much larger than the others. All sites were located in similar proximity to the 
Platte River and all restorations were adjacent to native, although mostly degraded, 
prairie remnants. Due to the limited number of wet-mesic tallgrass prairies from which 
to choose, the sites unavoidably differed in past management (Table 2).
Field Collections
At each site, sampling was conducted along two parallel, centrally-located 20-m- 
long transects. End-points of the transect were marked with 1-m-tall metal poles to 
facilitate subsequent relocation and sampling. Transects were oriented from west to east 
and separated by 40 m. This procedure was intended to minimize the effect of different 
prairie sizes by sampling the same sized area within each site. To minimize edge effect, 
transects were a minimum of 24 m within each study site. Both insects and plants were 
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Table 2. Management history of study sites (Whitney 1998; personal communication, 
Chris Helzer, Bill Taddicken, and Kent Pfeiffer).
Site Management History
Historically, the prairie was hayed once a year 
through 1997 but rested in 1998 and 1999. The 
prairie has not been burned in recent history.
Since 1985, portions of the prairie have been hayed 
on a rotation basis with one-fourth rested and one- 
fourth burned each spring. Three-fourths of the 
prairie, including the burned area, is hayed annually 
after August 15. The portion o f the prairie used in 
this study was rested in 2000 and last burned in the 
spring of 1998.
Before 1995, half of the meadow was hayed each 
year and the remaining, unhayed half was burned.
The entire prairie was hayed from 1995-1997 and 
rested from 1998-2000. All o f the prairie was burned 
in the spring of 1997 and again in 1999.
Historically, the restoration site had been farmed until 
seeded on April 9, 1993 by hand-broadcasting a high- 
diversity seed mix. Since then the site has neither 
been hayed nor grazed but was mowed for weed 
control in 1993. The entire site was burned in the 
spring of 1997 and again in 1999.
Historically, the restoration site had been farmed until 
seeded on April 23, 1994 by hand-broadcasting a 
high-diversity seed mix. The restoration was briefly 
grazed the same year by accident when some cattle 
escaped. The entire prairie was burned in 1998 but 






Dahms 1995 (Restored) Historically, the restoration site had been farmed and 
never intentionally grazed. It was planted on April 15, 
1995 by hand-broadcasting a high-diversity seed mix. 
The entire restoration was burned for the first time in 
the spring of 1999.
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(Panzer and Schwartz 1998).
Aboveground Insect Sampling. -  Aboveground insects were sampled June 5-7, 
July 14-18, and August 9-11, 2000. These dates were selected to ensure sampling the 
greatest number o f species irrespective of seasonal presence. To minimize climatic 
effects, I sampled only on sunny days when the temperature exceeded 16°C and only 
between 0900 and 1900 hours. Sampling was conducted using a 38-cm diameter, 
standard canvas sweep net. I took 400 sweeps in 40 sweep sets. After each set, insects in 
the net were placed in a 3,018-ml collection container consisting of a 15.5-cm diameter x 
16.0-cm high coffee can half filled with 70% ethyl alcohol. All 400 sweeps along a 
transect were placed in the same container. Once all of the sweeps for a transect had 
been completed, the contents of the container were transferred to a 947-ml glass jar for 
storage until sorting. Insect specimens were sorted by placing the contents of the jar on a 
white dissecting pan. Forceps were used to remove insects from vegetation and other 
debris. Specimens were separated by family (leafhoppers, treehoppers, ants) or 
superfamily (planthoppers), placed into 1.5-ml plastic containers and sent to 
entomological specialists for identification (Appendix Table 1).
My study focused specifically on leafhoppers (Order Homoptera: Cicadellidae), 
planthoppers (Order Homoptera: Fulgoroidea), and treehoppers (Order Homoptera: 
Membracidae) since these insect taxa fulfill'two criteria for good indicator assemblages: 
(1) they arc abundant, making them easy to find in the field and (2) they fill a range of 
ecological niches (Brown 1991). In addition, a high proportion of leafhopper species are
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either remnant-dependent or found exclusively in high-quality prairie (Panzer et al.
1995). Other insect groups that are good indicators, such as grasshoppers (Order 
Orthoptera: Acrididae), katydids (Order Orthoptera: Tettigoniidae), and ants (Order 
Hymenoptera: Formicidae) (Panzer et al. 1995, Foster and Kettle 1999), were collected 
but only ants were sent out for identification because of time and budget constraints. 
Invertebrate specimens other than leafhoppers, planthoppers, treehoppers, or ants were 
preserved in 70% ethyl alcohol in 236-ml glass jars and stored in the University of 
Nebraska at Omaha Plant Ecology lab.
Plant Sampling. -  Plant communities were sampled from June 5-6 and August 
14-18, 2000 by employees of The Nature Conservancy’s Platte/Rainwater Basin Office. 
At each site, sampling was conducted in each of five, 1-m -radius plots systematically 
placed at 3-m intervals along each 20-m transect. The canopy cover of all plant species 
within each plot was estimated using procedures modified from Daubenmire (1959). 
Canopy cover categories used were: 1 = < 1%, 2 = 1-5%, 3 = 5-25%, 4 = 25-50%, 5 = 50- 
75%, 6 = 75-95%, 7 = 95-99%, and 8 = > 99%. Midpoints of the categories were used in 
data analysis. In addition, all plants observed to be flowering along each transect were 
listed.
Data Analysis
Community-level. -  Because temporal variation was not a consideration in this 
study, data from each sampling period were pooled for analysis. Species diversity was
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measured using either Species Richness (S = the number of species) or the Shannon- 
Wiener Diversity Index (H *) (Shannon 1948) for all plants and for each insect group 
(leafhoppers, planthoppers, and treehoppers).
Differences in Species Richness among sites were based on the mean number of 
species from six samples for insects (2 transects per site x 3 sampling periods) and four 
samples for plants (2 transects per site x 2 sampling periods). Analysis of Variance 
(ANOVA) and the Student-Newman-Keuls (SNK) (Keuls 1952) multicomparison test 
were used to test for statistical differences in richness among the sites (SAS 1999). The 
ANOVA was used because it is sufficiently robust to accommodate some considerable 
departures from its theoretical assumptions, particularly when sample size is equal (Zar 
1984). The non-parametric SNK test was used since it is not dependent on parametric 
assumptions.
Differences in Species Richness of insects between native and restored prairie 
were based on the mean of 18 combined samples (3 sites per treatment x 2 transects per 
site x 3 sampling periods). Plant Species Richness was compared by treatment by 
combining the 12 samples (3 sites per treatment x 2 transects per site x 2 sampling 
periods). A Two-Sample /-Test was used to test for significant differences in Species 
Richness between native and restored prairies (SAS 1999). While sample size was small 
(n = 12 or 18), the Two-Sample /-Test, like the ANOVA, is sufficiently robust to 
accommodate departures from theoretical assumptions.
Differences in equitability measures of diversity were tested using the Shannon- 
Weiner Diversity Index (Hr). For insects, among-site comparisons of Shannon diversity
15
were based on the sum of the number of individuals of each species found in each of 6 
samples per site (data from each of 2 transects per site x 3 sampling periods).
Differences in Shannon diversity between restored and native prairie were based on the 
sum of the number of individuals of each species found in each of 18 samples for each 
treatment (3 sites per treatment x 2 transects per site x 3 sampling periods).
For plants, the quantitative measure used to calculate Shannon diversity at each 
site was the mean canopy cover of each species which was calculated by summing each 
species’ canopy cover in each plot sampled at a site in each sampling period and dividing 
by 10 (5 plots/transect x 2 transects per site x 1 sampling period). Among-site differences 
in Shannon diversity were based on calculations using the highest o f the June or August 
average canopy cover of each species at each site. The highest canopy cover was used to 
accommodate different plant phenologies. To compare Shannon diversity between native 
and restored plant communities, each species’ average canopy cover was obtained by 
summing its canopy cover in each plot sampled at a treatment (native or restored) in each 
sampling period and dividing by 30 (5 plots/transect x 2 transects per site x 3 sites per 
treatment). Again, the higher canopy cover, June or August, was used for calculating 
Shannon diversity. As with insects, significant differences in Shannon diversity between 
treatments were based on procedures described in Zar (1999).
Detrended Correspondence Analysis (DCA) (Hill and Gauch 1980), commonly 
used in invertebrate studies (e.g. Evans 1988, Kemp et al. 1990, Quinn et al. 1991,
Brown el al. 1992, Asteraki et al. 1995, Jonas 2000), was applied to detect trends in • 
insect and plant communities using PC-ORD (McCune and Mefford 1999). The distance
16
between points in a DCA ordination reflects variability among the transects with similar 
transects being plotted close together and dissimilar transects being plotted farther apart 
in ordination space. While the number of samples was marginal for ordination, the ability 
to summarize community-level information was felt to outweigh qualifications that 
would be required to extrapolate results beyond the present study. In order to generate 
enough points for ordination, transect data rather than site data were used. Insect density 
(mean number of individuals/400 sweeps) and a plant species’ canopy cover from the 
sampling period with the highest average canopy cover were used in ordinations 
comparing transects of native and restored communities.
Species-level. -  PC-ORD (McCune and Mefford 1999) was used to conduct 
Indicator Species Analysis to detect insect and plant species most closely associated with 
a particular habitat (Dufrene and Legendre 1997). Because it was based on data from 
only one season, the purpose of this analysis was not to create a definitive list of 
“indicator species” that can be applied to prairies in general but rather to identify the 
habitat with which each species was most associated in this study. Insect density or plant 
canopy cover were used as the main data matrix to calculate relative abundance and 
relative frequency of occurrence from which was calculated an indicator value for each 
species in each group of the secondary data matrix (native or restored prairie). The 
highest indicator value (IVmax) for a species from either native or restored prairie was 
saved as the overall indicator value for that species. Values ranged from 0 (not 
dependent) to 100 (highly dependent). The statistical significance of IVmax for each
17
species was based on the Monte Carlo test, a procedure that randomly reassigns sample 
units (species) to groups for 1,000 iterations, calculating IVmax each time. In this 
procedure, the probability of a Type I error is based on the proportion of times that the 
IVmax from the randomized data equals or exceeds the IVmax from the actual data set, 
testing the null hypothesis that the species has no indicator value (P < 0.05).
RESULTS
One hundred invertebrate taxa (Appendix Tables 2-5) and 85 plant taxa 
(Appendix Table 6) were identified in this study. Among the insect groups that were the 
focus of this study, leafhoppers (Fig. 2) were the most common (71 of 89 taxa), followed 
by planthoppers (Fig. 3) (15 of 89 taxa), with treehoppers (Fig. 4) the least common (3 of 
89 taxa) (Tables 3 and 4). In addition, eleven ant taxa were identified (Table 5, Appendix 
Table 5). Seventeen insect taxa (17% of the total number sampled) and 26 plant taxa 
(31% of the total number sampled) were found only at native prairie. Thirty-one insect 
taxa (31%) and 36 plant taxa (44%) were found only at restored prairie. Differences 
between restored and native sites could be seen both at the community and at the 
individual-taxa level.
Leafhopper Community
Community-level. -  A total of 3,067 individual leafhoppers representing 71 
different taxa were collected at the study sites, including 18 prairie-endemic and 15 
highly remnant-dependent species (Table 4, Appendix Table 2). A greater number of
18
Fig. 2. Examples o f leafhoppers — a) Diplocolerms configuratm . b) Commellus comma, 
and c) Athysanus argentarius (photos courtesy Cedar Creek Natural History Area, 
Minnesota).
19
Fig. 3. Examples o f planthoppers -  a) Delphacodes campestris, b) Scolops sulcipes. and 
c) Stobaera tricarinata (photos courtesy Cedar Creek Natural History Area, Minnesota).
20
Fig. 4. Camplyenchia latipes, example of a treehopper (photo courtesy Cedar Creek 
Natural History Area, Minnesota).
21
Table 3. Number of individual leafhopper, planthopper, and treehopper taxa in each of 
seven size groupings. Taxa groupings range from 1 = 1 individual to > 100 = more than 
100 individuals. The total number of individuals in each taxonomic group is indicated 
parenthetically.
Number of Taxa by Size Grouping Category
Taxa 1 2-5 6-12 13-25 26-50 51-100 > 100
Leafhoppers
(3,067 individuals)
9 15 12 10 9 6 10
Planthoppers
(486 individuals)
4 2 0 2 2 2 2
Treehoppers 
(80 individuals)
0 1 0 1 0 1 0
22
Table 4. Insect taxa collected at native and restored prairie, by insect group. Detailed 
data are in Appendix Tables 2-4. Prairie-endemic species (personal communication, Dr. 
Andy Hamilton, Dr. Stephen Wilson) are followed by the superscript letter p , highly 
remnant-dependent species (Panzer et al. 1995) are followed by the superscript letter r, 
and new state records are indicated with an asterisk (*).
Density (Mean number of individuals/400 sweeps)
Native Restored
Mean Standard Mean Standard 
Error Error
Leafhoppers
Agallia quadripunctata 0.056 0.0556 0.11 0.0762
Amplicephalus inimicus 0.94 0.286 oo 0.797
Amplicephalus kansiensispT* 4.11 2.889 0.17 0.167
Athysanus argentarius* 21.39 6.745 0 0
Attenuipyga minorp* 0.44 0.232 1.44 0.894
Balclutha sp. 0.056 0.0556 0.17 0.0904
Balclutha neglecta 4.17 1.033 4.33 1.480
Ceratagallia sp. 0.44 0.202 1.22 0.392
Ceratagallia humilis 0 0 1.50 0.894
Ceratagallia uhleri 1.56 0.809 2.50 1.033
Ceratagallia viator 0 0 0.50 0.500
Chlorotettix sp. 1.06 0.400 0.22 0.101
Chlorotettix fa lla x r* 0.61 0.436 0.67 0.291
Chlorotettix spatulatus9 0.44 0.271 2.06 0.782
Cicadula ciliatar 0.11 0.111 0 0
Commellus comma9 0 0 18.56 3.815
Cuerna sp. 0 0 0.056 0.0556
Cuerna sayi * 0.33 0.198 0 0
Deltocephalus flavicostatus * 0 0 0.056 0.0556
Dikraneura angustata * 0.056 0.0556 0.22 0.101
Dikranenra mali * 0.83 0.345 0.11 0.0762
Diplocolenus configuratus 0.39 0.293 0.056 0.0556
Draeculacephala sp. 0.056 0.0556 0.78 0.521
Draeculacephala constricta 2.83 0.519 1.44 0.437
Draeculacephala noveboracensis 0.22 0.173 0 0
Driotura gammaroides 0 0 0.28 0.177
Elymana sp. 0 0 0.11 0.111
Empoasca sp. 0.17 0.121 1.56 0.550
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Table 4 (continued). Insect taxa collected at native and restored prairie, by insect group. 
Detailed data are in Appendix Tables 2-4. Prairie-endemic species (personal 
communication, Dr. Andy Hamilton, Dr. Stephen Wilson) are followed by the superscript 
letterp, highly remnant-dependent species (Panzer et al. 1995) are followed by the 
superscript letter r, and new state records are indicated with an asterisk (*).
Density (Mean number of individuals/400 sweeps)
Native Restored
Mean Standard Mean Standard 
Error Error
Leafhoppers (continued)
Erythroneura sp. 0 0 0.17 0.121
Erythroneura tricincta 0 0 0.11 0.111
Exitianus exitiosus 5.94 2.741 3.17 0.978
Extrusanus oryssusp 0.33 0.198 0 0
Extrusanus ovatusp* 0.056 0.0556 0.50 0.218
Flexamia sp. 0.50 0.259 0.33 0.181
Flexamia albidapT 0 0 0.056 0.0556
Flexamia inflat a 0.33 0.198 0.056 0.0556
Flexamia prairianapx* 4.50 1.415 1.22 0.482
Flexamia reflexapx 0 0 0.11 0.111
Graminella mohripx 4.00 1.291 3.22 0.803
Graminella nigrifrons 0 0 0.056 0.0556
Graphocephala sp. nov. 0.056 0.0556 0.056 0.0556
Graphocephala dolobrata 0 0 2.33 1.234
Gyponana sp. 0.056 0.0556 0.056 0.0556
Gyponana serpent a* 0 0 0.056 0.0556
Hecalus sp. 0.72 0.360 0.39 0.143
Hecalus major * 5.78 1.911 0.22 0.222
Hecalus viridis 0 0 0.67 0.667
Laevicephalus minimuspx 0.11 0.0762 0.28 0.226
Laevicephalus unicoloratuspx 7.11 2.409 1.89 0.863
Latalus sayii 0 0 1.50 0.601
Limotettix ferganiensis 0.22 0.129 0 0
Limotettix osborni 0 0 2.22 0.948
Macrosteles quadrilineatus 3.28 1.171 1.22 0.401
Macrosteles wilburip* 0 0 1.00 0.530
Memnonia flavida* 1.44 0.853 1.28 0.490
Mesamia stramineapx 0.056 0.0556 1.28 0.547
24
Table 4 (continued). Insect taxa collected at native and restored prairie, by insect group. 
Detailed data are in Appendix Tables 2-4. Prairie-endemic species (personal 
communication, Dr. Andy Hamilton, Dr. Stephen Wilson) are followed by the superscript 
letter p, highly remnant-dependent species (Panzer et al. 1995) are followed by the 
superscript letter r, and new state records are indicated with an asterisk (*).







0 0 0.056 0.0556
0 0 0.39 0.335
1.39 1.020 0 0
0.17 0.167 0.22 0.129
0.11 0.0762 0.22 0.129
0 0 0.056 0.0556
0.28 0.158 0.11 0.0762
0.61 0.270 0.17 0.0904
0.056 0.0556 0 0
0 0 0.056 0.0556
0.056 0.0556 0.056 0.0556
7.17 2.320 1.39 0.555
0.11 0.0762 3.22 0.807
10.39 5.086 3.56 1.307
0.11 0.0762 0 0
0 0 1.39 0.578
0.056 0.0556 0 0
2.28 0.609 3.83 1.079
0 0 0.94 0.944
0.94 0.654 0.056 0.0556
1.17 0.422 2.56 1.141
0 0 0.056 0.0556
7.94 3.448 0 0
1.44 0.781 0.11 0.0762
0 0 0.056 0.0556






























Table 4 (continued). Insect taxa collected at native and restored prairie, by insect group. 
Detailed data are in Appendix Tables 2-4. Prairie-endemic species (personal 
communication, Dr. Andy Hamilton, Dr. Stephen Wilson) are followed by the superscript 
letterp, highly remnant-dependent species (Panzer et al. 1995) are followed by the 
superscript letter r, and new state records are indicated with an asterisk (*).
Density (Mean number of individuals/400 sweeps)
Native Restored
Taxa Mean Standard Mean Standard
Error Error
Planthoppers (continued)
Scolops perdix* 0 0 0.11 0.111
Scolops sulcipes* 0.50 0.218 2.56 0.764
Stenocranus sp. 0.056 0.0556 0 0
Stobaera tricarinata 0.72 0.609 1.00 0.566
Treehoppers
Campylenchia latipes 0 0 3.17 1.507
Micrutalls sp. 0.22 0.222 1.06 0.834
Stictocephala bisonia 0 0 0.11 0.0762
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Table 5. Ant taxa collected at the study sites. An X indicates the presence of the taxa at 
either native or restored prairie; the number of individuals was not determined. Decimal 
points are used in place of zeros for visual clarity.
Species Native Restored
Formica sp. X
Formica incerta X X
Formica montana X X




Myrmica americana X X
Myrmica emery ana X
Tapinoma sp. X •
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leafhopper taxa were collected at restored prairies (62 taxa) than at native prairies (49 
taxa), although a greater proportion of the total individuals collected at the native sites 
(27%) were prairie endemics than at the restorations (19%).
Ordination resulted in distinctly separate clustering of the leafhopper community 
of native and of restored prairie (Fig. 5). Specifically, differences in the spatial 
distribution of transects indicated (1) that leafhopper density among native prairies 
differed more than it did within, (2) that leafhopper density of restored prairie differed 
substantially from native prairie, and (3) that leafhopper density in restored prairies was 
comparatively more homogenous than in native prairies.
With respect to species composition, Species Richness of leafhoppers was found 
to be significantly higher for restored prairies (mean S  = 17.1 ± 0.98 taxa/400 sweeps) 
than for native prairies (mean S=  13.6 ± 0.75 taxa/400 sweeps) (P = 0.0087; Two- 
Sample 7-Test). Similarly, Shannon diversity was significantly higher for restored 
prairies (H'= 1.38) than for native prairies (H'= 1.24) (P < 0.05, Two-Sample 7-Test). 
Similar results were also obtained when considering only remnant-dependent leafhopper 
species. Shannon diversity for remnant-dependent leafhopper species, for example, was 
significantly higher for combined restored prairies (H' = 0.822) than for combined native 
prairies (Hr = 0.708) (P = 0.0002). Species Richness of remnant-dependent species also 
was higher for restored prairies (mean S = 3.5 ± 0.33 taxa/400 sweeps) than for native 
prairies (mean S=  2.8 ± 0.25 taxa/400 sweeps), although the difference was not 
significant (P = 0.0883, Two-Sample 7-test). For prairie-endemic species, Species 






















Fig. 5. Detrended Correspondence Analysis ordination plot of leafhopper density 
(number of individuals/400 sweeps) by transect for Brooks Prairie (brk), Rowe 
Sanctuary (row), Ruge Prairie (rug), Ruge 1993 Restoration (r93), Dahms 1994 
Restoration (d94), and Dahms 1995 Restoration (d95). Open triangles are native 
prairie transects and shaded triangles are restored prairie transects: T1 = transect 
1, T2 = transect 2. The Eigenvalue of Axis 1 is 0.5411; the Eigenvalue of Axis 2 
is 0.2953.
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sweeps) than for combined native prairies (mean S= 3.2 ±0.32 taxa/400 sweeps) (P = 
0.0047, Two-Sample t-Test). The opposite result was found, however, for Shannon 
diversity which was significantly higher for native prairie (H' = 0.753) than for restored 
prairie sites ( // ' = 0.693) (P = 0.0483, Two-Sample r-Test)
While richness and diversity of all leafhopper taxa were higher at the restorations, 
leafhopper density was higher at the native sites (mean = 95.2 ± 14.36 individuals/400 
sweeps) than at the restorations (mean = 75.2±6.57 individuals/400 sweeps), although 
the difference was not significant (P = 0.2163, Two-Sample r-Test). In contrast, the 
density of prairie-endemic leafhoppers was found to be significantly higher at the 
restorations (mean = 32.0 ± 3.57 individuals/400 sweeps) than at the native sites (mean = 
21.9 ± 3.21 individuals/400 sweeps) (P = 0.0439, Two-Sample r-Test). This difference, 
however, was largely due to the abundance of one species, Commellus comma, (334 of 
576 prairie-endemic leafhoppers), at the restorations.
Multiple comparison testing, with but one exception, found no significant 
differences among individual sites for any of total leafhopper density, number of prairie- 
endemic species, or number of remnant-dependent species (Table 6). The exception was 
one restored site (Dahms 1995) that was significantly higher than one native site (Rowe 
Prairie) (Table 6).
Species-level. -  Indicator Species Analysis classified two of the 71 species of 
leafhoppers (3%), Athysanus argentarius and Psammotettix lividellus, as being 
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inimicus, Chlorotettix spatulatus, Commellus comma, Limotettix osborni, and 
Scaphytopius cinereus, as being significantly associated with restored prairie (P < 0.05) 
(Table 7). While not calculated to be indicator species, eight leafhopper taxa (11%) 
were found only at native prairies while twenty-two others (31%) were observed only at 
restored prairies (Table 4). Twelve taxa (17%) were found at all six sites whereas twenty 
(28%) were collected at only one site.
In addition to some site-specificity, large differences in leafhopper abundance 
were observed between native and restored sites for some species. For example, 
Athysanus argentarius, an introduced European species, was abundant at all three native 
sites (mean = 21.4 ± 28.62 individiuals/400 sweeps) but scarce at the restorations (mean 
= 0.2 ± 0.55 individuals/400 sweeps) (Table 4, Fig. 6). In contrast, Commellus comma, a 
prairie-endemic species, was abundant at the restorations (mean = 18.6 ± 3.81 
individuals/400 sweeps) but no individuals were collected at the native sites (Fig. 7).
New state insect records were determined by searching for each species in A 
Bibliography o f  the Cicadoidea (Homoptera: Auchenorrhyncha) (Metcalf 1962) and in 
Volumes 93-136 of the Zoological Record (Zoological Society of London 1956- 
1999/2000). Species not listed for Nebraska in these publications and considered to be 
new state records were - Amplicephalus kansiensis, Athysanus argentarius, Attenuipyga 
minor, Chlorotettix fallax , Cuerna sayi, Deltocephalus flavicostatus, Dikraneura 
angustata, Dikraneura mali, Extrusanus ovatus, Flexamia prairiana, Gyponana serpenta, 
Hecalus major, Macrosteles wilburi, Memnonia flavida, Mocuellus caprillus, and 
Neocoelidia tumidirons (Table 4). In addition, two female specimens were collected that
33
Table 7. Insect and plant taxa significantly (P < 0.05) associated with native or restored 
prairie based on Indicator Species Analysis. IVmax = indicator value; varies from 0 = not 
dependent to 100 = highly dependent. Statistical significance of species indicator values 
was based on the Monte Carlo test. P = proportion of randomized trials with IVmax 
equal to or exceeding the actual IVmax; low P values indicate significant dependence on 
a particular habitat type (P < 0.05). Indicator values for all species are in Appendix Table 
7.
Species Habitat Type IVmax P
Leafhoppers
Athysanus argentarius Native Prairie 99.0 0.005
Psammotettix lividellus Native Prairie 83.8 0.026
Amplicephalus inimicus Restored Prairie 80.3 0.005
Chlorotettix spatulatus Restored Prairie 82.3 0.031
Commellus comma Restored Prairie 100.0 0.005
Limotettix osborni Restored Prairie 100.0 0.005
Scaphytopius cinereus Restored Prairie 96.7 0.008
Planthoppers
Acanalonia bivitatta Restored Prairie 83.3 0.020
Scolops sulcipes Restored Prairie 83.6 0.037
Treehoppers
Campylenchia latipes Restored Prairie 100.0 0.003
Plants
Agrostis stolonifera Native Prairie 100.0 0.004
Calamagrostis sp. Native Prairie 100.0 0.004
Car ex sp. Native Prairie 82.6 0.032
Eleocharis sp. Native Prairie 100.0 0.004
Equisteum sp. Native Prairie 100.0 0.002
Spartina pectinata Native Prairie 83.0 0.025
Desmanthes illinoensis Restored Prairie 80.9 0.017
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Fig. 6. Density (n = 6) of the leafhopper Athysanus argentarius and canopy cover (n = 4) 
of one of its host plants, Bromus inermis, at native (N) and restored (R) sites for 
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Fig. 7. Density (n = 6) of the leafhopper Commellus comma and canopy cover (n = 4) of 
one of its host plants, Elymus canadensis, at native (N) and restored (R) sites for 
combined June and August data.
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Fig. 8. Dorsal and head views o f Graphocephala sp nov. (a), and Graphocephala 
dolohrata (b).
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either belong to a new species of Graphocephala or are a newly discovered color 
variation of Graphocephala dolobrata (Fig. 8). Both specimens were collected in July, 
one at Brooks Prairie and the other at Ruge 1993. Male specimens need to be collected to 
determine if the specimens belong to a new species since leafhopper species are 
identified primarily by male genitalia (personal communication, Dr. Andy Hamilton).
Planthopper Community
Community-level. -  A total of 486 individual plarithoppers representing 15 
different taxa were collected at the study sites including 2 prairie-endemic and 1 highly 
remnant-dependent species (Table 4, Appendix Table 3). A greater number of
planthopper taxa were collected at restored prairie (12 taxa) than at native prairie (9 taxa).
/
Unlike leafhoppers, a greater proportion (17%) of individuals collected at restored sites 
were prairie endemics compared to only 11 % .at the native sites. Two species, 
Delphacodes megadonta and Delphacodes parvula, were of particular interest. D. 
parvula is considered to be highly remnant-dependent (Panzer et al. 1995) and also is 
considered a prairie endemic because it has only been collected at native prairies 
(personal communication, Dr. Stephen Wilson). In the present study, this species was 
found at all six sites although in low numbers. D. megadonta is also considered to be a 
prairie endemic because it has only been collected at native prairies (personal 
communication, Dr. Stephen Wilson) but was only observed at one restored site (Dahms 
1994).
Planthoppers were not as clearly separated in ordination space as were
38
leafhoppers although, like leafhoppers, planthopper density appears more heterogeneous 
among native than among restored sites (Fig. 9). One noticeable difference between 
leafhopper and planthopper ordinations is the substantially different placement in 
ordination space of transects of two of the three native prairie sites, Brooks and Ruge 
Prairie.
With regards to species composition, Species Richness of planthoppers (mean S = 
3.0 ± 0.37 taxa/400 sweeps) was higher at restored prairie than at native prairie (mean S  
— 2.4 ± 0.34 taxa/400 sweeps) but unlike leafhoppers, the difference was not significant 
(P = 0.2353; Two-Sample r-Test). Shannon diversity was significantly higher at 
combined restored sites (H f = 0.796) than at native sites (H' = 0.659) (P = 0.0001). 
Considering only remnant-dependent planthoppers, Species Richness was found to be the 
same at both restored prairie and native prairie (mean S = 0.5 ±0.12 taxa/400 sweeps). 
For prairie endemics, however, Species Richness was higher at restored sites (mean S  = 
0.6 ± 0.12 taxa/400 sweeps) than at native sites (mean S  = 0.5 ± 0.12 taxa/400 sweeps) 
although the difference was not significant (P = 0.7472, Two-Sample r-Test). In contrast, 
Shannon diversity of prairie-endemics was significantly higher for restored prairie (H' = 
0.253) than for native prairie (H'= 0) (P < 0.0001, Two-Sample r-Test).
Planthopper density as a whole (486 individuals collected) was substantially 
lower than leafhopper density (3,067 individuals collected). Like the leafhoppers, 
however, density was higher at native sites (14.3 ±3.61 individuals/400 sweeps) than at 
restorations (12.7 ±2.17 individuals/400 sweeps) although, unlike leafhoppers, this 























Fig. 9. Detrended Correspondence Analysis ordination plot of planthopper 
density (number of individuals/400 sweeps) by transect for Brooks Prairie (brk), 
Rowe Sanctuary (row), Ruge Prairie (rug), Ruge 1993 Restoration (r93), Dahms 
1994 Restoration (d94), and Dahms 1995 Restoration (d95). Open triangles are 
native prairie transects and shaded triangles are restored prairie transects: T1 = 
transect 1,T2 = transect 2. The Eigenvalue of Axis 1 is 0.7576; the Eigenvalue of 
Axis 2 is 0.3651.
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Rowe Prairie (native) had a significantly higher planthopper density than the other sites 
(31.3 ± 5.66 individuals/400 sweeps) (P = 0.0008) (Table 6).
Species-level. -  Two of the fifteen planthopper taxa, Acanalonia bivitatta and 
Scolops Sulcipes, were determined to be indicator species. Both were significantly 
associated with restored prairie (P < 0.05, Indicator Species Analysis) (Table 7). While 
not significantly associated with a particular habitat by Indicator Species Analysis, three 
other taxa (20% of the total number of planthopper taxa collected) were collected only at 
the native prairies while six taxa (40%) were observed only at the restored prairies (Table
4). Three taxa were found at all six sites and seven taxa were collected at only one site. 
Seven planthopper species were new state records -  Acanolinia bivittata, Delphacodes 
megadonta, Delphacodes parvula, Pentagramma longistylata, Prokelisia crocea, Scolops 
perdix, and Scolops sulcipes (Table 4).
Treehopper Community
Community-level. — Eighty individual treehoppers, representing three taxa, were 
collected, of which none was determined to be prairie-endemic or highly remnant- 
dependant (personal communication, Dr. Chris Dietrich). Further, these species occurred 
primarily in restored sites (Table 4). The number of sites containing the species and the 
small number of individuals did not allow ordination analysis.
As with leafhoppers, Species Richness was significantly higher for treehoppers at 
restored prairie (mean S  = 0.7 ± 0.18 taxa/400 sweeps) than at native prairie (mean S =
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0.06 ± 0.056 taxa/400 sweeps) (P = 0.0027, Two-Sample /-test). Shannon diversity was 
also significantly higher at restored prairie (H ' = 0.290) than at native prairie (H ' = 0) (P 
< 0.0001; Two-Sample /-Test).
In contrast to leafhoppers and planthoppers, density for treehoppers was 
significantly higher in the restorations (4.2 ±1.71 individuals/400 sweeps) than the native 
prairies (0.2 ± 0.22 individuals/400 sweeps) (P = 0.0262, Two-Sample /-Test). Among 
treatments, however, density was significantly higher than other sites only at Dahms 1994 
(restored) (10.3 ±4.17 individuals/400 sweeps) (P = 0.0007) (Table 6).
Species-level. One of the three taxa of treehoppers collected, Campylenchia 
latipes, was significantly associated with restored prairie (Table 7). Two taxa, 
Camplyenchia latipes and Stictocephala bisonia, were found only at restorations and one, 
Micrutalis spp., was collected at both native and restored prairies. Camplyenchia latipes, 
which does not require a woody host for oviposition, is often collected in prairies. It is 
not considered a true prairie insect because it is also abundant in old fields and forest 
edges (personal communication, Dr. Chris Dietrich). Stictocephala bisonia and 
Micrutalis spp. require woody hosts for oviposition (personal communication, Dr. Chris 
Dietrich) and have been recorded from a variety of host plants (Appendix Table 8).
Ant Community
Eleven ant taxa were collected at the study sites of which five were collected 
only at native prairie and one was collected only at restored prairie (Table 5, Appendix 
Table 5). Ant density was not recorded so quantitative statistical analysis was not
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conducted on this taxonomic group. There is presently no list of ant species for Nebraska 
(personal communication, Dr. James Trager, Dr. Mike Kaspari, Dr. Marc Albrecht).
Plant Community
Community-level. — A total of 85 plant taxa were identified within plots along the 
transects at the study sites during the sampling period (Table 8, Appendix Table 6). Five 
additional species, observed flowering along the transects but outside of the plots, were 
not included in analyses: Achillea millefolium (yarrow), Desmodium canadense (Canada 
tick clover), Erigeron philadelphicus (Philadelphia fleabane), Heliopsis helianthoides 
(false sunflower), and Sphenopholis obtusata (wedgegrass). Native and restored prairie 
were separated in ordination space and restored prairie showed greater within-site 
heterogeneity (Fig. 10).
As with all three insect groups, Species Richness for plants was higher at restored 
prairies (mean S=  15.6 ± 1.57) than at native prairies (mean S = 14.3 ± 1.27) but not 
significantly so (P = 0.5420, Two-Sample /-test). Similarly, Shannon diversity was 
higher at restored sites (H f = 1.07) than at native sites (H ' = 1.04) although this difference 
also was not significant (P = 0.5623; Two-Sample /-Test).
In addition to differences in total plant diversity, significant differences were 
noted in species richness of some plant guilds of native and restored prairie (Table 9).
For example, while not indicated so by multiple comparison analysis, the diversity of 
native C4 and exotic C3 grasses differed significantly among the sites (P = 0.0421 and 
0.0105 respectively), being generally higher at native than at restored prairie. In addition,
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Table 8. Plant species calculated to be indicator species or with >5%  canopy cover for at 
least two of the three native sites or two of the three restorations, trace = canopy cover 
< 0.5%; * = indicator species based on Indicator Species Analysis. Data for all plant 
species may be found in Appendix Tables 6 and 9.
Canopy Cover
Native Restored
Taxa Mean Standard Mean Standard
Error Error
Poa pratensis 15 4.5 0 0
Agrostis stolonifera* 12 3.2 0 0
Calamagrostis sp.* 12 3.3 0 0
Eleocharis sp.* 6 2.2 0 0
Equisetum sp.* trace - 0 0
Elymus canadensis* 0 0 30 5.3
Astragalus canadensis 0 0 8 4.3
Helianthus rigidus 0 0 4 1.9
Andropogon gerardii 50 6.6 48 6.3
Sorghastrum nutans 39 5.5 16 3.8
Panicum virgatum 33 6 ' 9 3.3
Spartina pectinata* 22 4.9 trace -
Desmanthus illinoensis* trace - 17 4.1
Bromus inermis 21 6.1 trace -
Helianthus maximilianii 5 3.3 16 4.9
Car ex sp.* 11 2.7 trace -






















Figure 10. Detrended Correspondence Analysis ordination plot of plant mean canopy 
cover by transect for Brooks Prairie (brk), Rowe Sanctuary (row), Ruge Prairie (rug), 
Ruge 1993 Restoration (r93), Dahms 1994 Restoration (d94), and Dahms 1995 
Restoration (d95). Open triangles are native prairie transects and shaded triangles are 
restored prairie transects (transect 1 = T l, transect 2 = T2). The Eigenvalue of Axis 1 is 
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the diversity of sedges and rushes was significantly higher (P = 0.0003) at one native site 
(Rowe Prairie) than at the other sites. Further, woody plants, absent from all native 
prairie sites, were significantly higher at restored areas (P = 0.0003).
Species-level. - According to Indicator Species Analysis, six of the 85 plant taxa 
(7%) were significantly associated with native prairie and two taxa (2%) significantly 
associated with restored prairie (Table 7). Of the taxa identified within plots, 26 (31%) 
were observed only at native prairie and 36 (42%) only at restorations (Appendix Table
5). Andropogon gerardii and Sorghastrum nutans, both warm-season (C4) grasses, 
dominated the canopy cover at both native and restored sites. These species are 
important host plants for several leafhopper species, especially generalists (Whitcomb et 
al. 1987b). Some host plants of insect specialists were also present at the study sites. For 
instance, both Solidago sp. and its leafhopper specialist Driotura gammaroides were 
more common at restorations than at native prairies while both Spartina pectinata and its 
planthopper specialist Prokelisia crocea were more common at native prairie sites than at 
restored sites.
DISCUSSION 
Insect Communities of Native and Restored Prairie
Hq: Insect diversity will not differ between native and restored sites
Shannon diversity was significantly higher in restored than in native prairie for
leafhoppers, planthoppers, and treehoppers. Overall, Species Richness and density also 
were significantly higher in restored than in native prairie, but only for leafhoppers and 
treehoppers. Planthoppers were more diverse in restored than native sites but not 
significantly so. These general results are in contrast to studies showing diversity of 
native prairie to be higher than restored sites, at least for butterflies (Debinski and Babbit 
1997), flower-visiting insects including bees, wasps, flies, butterflies, moths (Reed 
1995a, 1995b), and grasshoppers (Bomar 2001). These studies focused on comparing 
native and restored prairies but the basic explanation, and one supported by this study, is 
that the principal explanation is directly related to plant diversity. A successful, high- 
diversity restoration, for example, can support a more diverse insect community than can 
a poor quality native prairie, for example one at which poor management has caused the 
local extirpation of a suite of native host plants. Conversely, a poor quality restoration 
will support fewer insects than a high diversity prairie. While some studies on butterflies 
do not support this conclusion (e.g., Debinski and Babbit 1997), my study was consistent 
in supporting this relationship. The details of this relationship may be explained further 
by differences in host plant distribution and plant architecture rather than whether a site 
is, for example, restored or native.
Host Plant Distribution. — The distribution of leafhoppers, treehoppers, and 
planthoppers primarily depends on the presence of their host plants, which provide 
nutrition and shelter for eggs (Biedermann 2002). Several examples come from this 
study. For example, the largest population of Athysanus argentarius occurred at Brooks
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Prairie, where the canopy cover of Bromus inermis (smooth brome) was higher than at 
any other site (Fig. 6). A. argentarius feeds on B. inermis (Hamilton 1983) and has been 
observed in large numbers in fields within which B. inermis is common (personal 
communication, Dr. John Haarstad). Bromus inermis, however, is an aggressive, 
rhizomatous but non-native grass that is common in many native prairies. In this 
instance, the diversity of insects of the native prairie was enhanced by the presence of a 
non-native grass further supporting the positive relationship between plant diversity and 
insect diversity. In another example, C. comma, which feeds on species of Agropyron 
and Elymus (wheatgrass and wild rye) (Whitcomb 1987b), was collected from sites with a 
high cover of Elymus candensis (Canada wild rye) (which happened to be restored sites; 
Fig. 7), a native grass, thereby enhancing the diversity of the restorations. In yet another 
example, treehoppers were more dense at restorations where species richness of woody 
plants was highest. Treehoppers require woody and herbaceous plants as hosts for 
oviposition or feeding (Dietrich et al. 1999). These various relationships suggest that 
host plant specificity is one factor, if not an overriding factor, in explaining the 
distribution of insects. Thus, it seems-to be the presence of a host plant species, and not 
whether the site is restored or native, that may determine the presence of an insect 
species, at least those that are relatively mobile. The successful establishment of a high 
diversity seed mix in the restoration sites of this study, thus, is one likely explanation for 
the higher diversity of plants, and hence, leafhoppers, planthoppers, and treehoppers, 
identified in this study compared to native sites.
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Plant Architecture. — Integrated within the presence of a diversity of plant 
species is a diversity of plant shapes and sizes -  e.g. plant architecture. Plant architecture 
may also affect insect diversity. A structurally complex plant community, such as one 
containing abundant forbs, will provide a greater array of structures for feeding, resting, 
overwintering, and oviposition than will those with less structure, such as those in which 
grass species dominate (Lawton and Schroder 1977). In this study, higher insect 
diversity at restored areas, where forb species richness was high, and lower insect 
diversity at native prairies where forb species richness was low, is consistent with this 
concept.
Prairie-Endemic and Remnant-Dependent Insects of Native and Restored Prairie
Ho: The proportion o f  prairie-endemic and highly remnant-dependent insect 
species will not differ between native and restored sites.
Of the 20 prairie-endemic species of leafhoppers and planthoppers collected in 
this study, a higher proportion were found in native than in restored prairie, although the 
difference was less than expected. For example, of the 49 leafhopper species collected at 
native prairies, 27% (13) were prairie-endemic, compared to 19% (12 of 64) of 
leafhopper species collected at restored sites (Table 4). Only two prairie-endemic 
planthopper species were collected, one at each of the native and restored sites, thus 
results from this insect group are inconclusive.
While a higher number of “prairie-endemic” leafhopper and planthopper species
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was found in native prairies, the occurrence of those species classified as “remnant- 
dependent” did not yield the same result. For example, of an estimated 68 species 
classified as highly remnant-dependent in the Chicago area (Panzer et al. 1995), fifteen 
were collected in this study. Of these, some were found in both native and restored sites 
but none were significantly associated with native prairies (Tables 4 and 7). In fact, in 
this study, Scaphytopius cinereus, a highly remnant-dependent leafhopper, was 
significantly associated with restorations, not native sites. These apparent inconsistencies 
may be logically explained as a consequence of the positive relationship between insects 
and their host plants, as discussed previously. Insect endemism or remnant-dependence 
is highly likely to be a function of whether or not management or restoration has resulted 
in the establishment or persistence of host plants rather than whether we classify a site as 
“native” or “restored.” Additional explanations, however, have been proposed, including 
that levels of remnant-dependence may vary geographically or that they are affected by 
conditions of the surrounding landscape (Panzer et al. 1995). Panzer et al. (1995) 
proposed, for example, that there would be comparatively more remnant-dependent 
species in areas with pastures and hay meadows where conditions are more hospitable to 
insects (e.g. the present study area) than in an area surrounded by highly developed, 
paved landscapes (e.g. the Chicago area, where the remnant-dependent classification was 
developed).
Overall, the results from this study concluded that neither remnant-dependence 
nor prairie-endemism adequately separated native from restored sites, although each 
provided additional insight on insect populations. These classifications, then, may not be
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reflecting the same environmental requirements of a species. The high-diversity mix of 
native forb seedings most likely accounts for the higher leafhopper and planthopper 
diversity at restored sites because of host-specificity, but different environmental 
conditions, perhaps associated with a relatively undisturbed substrate but more stable 
plant community composition, may account for the higher density and the presence of 
more prairie endemics of these insect groups on native prairies. Despite these 
inconsistencies, using remnant-dependence or prairie-endemism to rate prairie quality, 
whether native or restored, is a useful means of comparing sites. For example, the 
number of prairie-endemic species has been used to characterize the quality of prairies 
(Hamilton 1995a). Based on this classification, all sites in this study, whether native or 
restored, were at least ranked as being in good quality. Specifically, Ruge Prairie (native) 
is of good quality (6-8 prairie-endemic leafhopper and caliscelid planthopper species), 
Rowe Prairie (native) is of very good quality (9-11 prairie-endemic species) and the 
remaining, including all the restored sites, are of excellent quality (12-24 
prairie-endemic species). These overall classifications are consistent with results shown 
with diversity being higher in restored than in native sites.
Plant Communities of Native and Restored Prairies
Ho: Plant diversity will not differ between native and restored sites.
As was found from insect data, plant Species Richness was higher at the 
restorations than at native sites, although, unlike leafhoppers and treehoppers, the
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difference was not significant. Similarly, Shannon diversity was higher at restored than 
at native sites, although, unlike leafhoppers and treehoppers, the difference was not 
significant. These results are consistent with recent evaluations of central Nebraska wet 
meadows in which 2-4 year old restorations planted with high diversity seed mixes (100- 
200 species) had plant Species Richness similar to good quality native prairies (120-150 
plant species) (Currier 1995, Pfeiffer 1998). The relationship between leafhopper and 
planthopper diversity and plant community diversity is not unexpected given that many 
of these insects’ life histories are closely associated with individual plant species or plant 
species groups.
Although the diversity of native and restored sites was similar, plant composition 
differed. For example, only 27% of the 85 plant species were found at both native and 
restored sites. Further, those species found in both sites were not necessarily in the 
proportion expected. For example, Desmanthes illinoensis (Illinois bundleflower) was 
scarce at the native prairie sites but in sufficient numbers at restorations to be considered 
an Indicator Species (Table 7). This result is consistent with observations by Whitney 
(1997) who noted that many plant species that may have occurred in the historic prairie 
presently occur only in prairie remnants where they have been seeded. Long-term 
management, while retaining the physiognomy o f the native prairie, may have eliminated 
some suite of species thereby reducing plant diversity at native sites. This loss may also 
account for some of the differences in insect diversity.
Haying and burning are among the types of management that may have affected 
plant species diversity at the native sites used in this study. Haying usually occurs in
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mid- to late-summer but may occur more than once a year, particularly in more mesic 
lowland prairies along the Platte River. In general, haying is believed to control woody 
plant invasion and maintain a high diversity of grassland species (Mooberry 1984, 
Solecki and Toney 1986), although the impact can vary depending on the frequency and 
season of application (Bragg et al. 1999). In general, the greatest diversity of prairie 
grasses and forbs in tallgrass prairies appear to result from periodic haying in mid-July 
(Launchbaugh and Owensby 1978, Solecki et al. 1986, Solecki and Toney 1986) and 
early August (Solecki and Toney 1986), with annual fall mowing reducing species 
diversity (Boettcher and Bragg 1989). Annual summer mowing decreases long-term 
productivity (Ehrenreich and Aikman 1963) and increases the number of aggressive and 
introduced species such as Poa pratensis and Bromus inermis (Kentucky bluegrass and 
smooth brome) (Hayden and Aikman 1949, Launchbaugh and Owensby 1978, Boettcher 
and Bragg 1989, Gibson et al. 1993). Given that all native prairie sites used in this study 
have a varied history of mowing, a loss of species, reflected in reduced diversity, is not 
unexpected.
With respect to burning, fire suppression efforts, along with barriers to free fire 
movement, such as roads, agricultural fields, and urban areas, have eliminated fire as a 
natural component of native prairies in the region of the study sites. This, in turn, has the 
potential to affect species diversity. For example, Leach and Givnish (1996) proposed 
that fire suppression is the major reason that 8-60% of the original plant species, mostly 
short-statured, nitrogen-fixing, and small-seeded species, were lost or have declined from 
Wisconsin prairie remnants over a 32- to 52-year period. Thus the lower species
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richness and lower proportion of canopy cover for forbs and legumes at native prairies in 
the present study may be due, at least in part, to fire suppression since European 
settlement of the region.
In addition to fire and haying, differences in diversity between and among native 
and restored prairie plant communities may be explained by a variety of other factors 
including the long-term effects of grazing, drought, and fragmentation. Fragmentation, 
for example, makes remnants vulnerable to edge effects, such as invasion by exotic 
species, that may result in local extinctions (Saunders et al. 1991). Differences between 
native and restored prairie also results from differences in seed mixes used in the 
restoration, differences in the seed bank and seed rain, and differences in site hydrology. 
In addition, there may be some effect of the age of restoration (Schramm 1990, Kindscher 
and Tieszen 1998). In the present study, for example, restored sites are in an early-mid 
successional stage so that some species may not appear for several years (Betz 1986, 
Schramm 1990). Finally, higher diversity in restored sites may be attributable to some 
combination of the long-term effects of fire suppression, haying, grazing, drought, and 
fragmentation, which may have reduced the plant diversity of the native prairies. These 
results are consistent with other studies that have found higher plant diversity in young 
restorations planted with high-diversity seed mixes than in native prairies from which 
plant species have been lost or have declined (Currier 1995, Pfeiffer 1998).
CONCLUSION
Overall, this study suggests that, at least in central Nebraska wet-mesic tallgrass
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prairie, leafhopper, planthopper, and treehopper diversity is higher at recently restored 
areas, where plant diversity is also higher, than at native remnants. This unexpected 
difference between restored and native prairies may be explained by some combination of 
a high-diversity seed mix used in the prairie restorations and long-term management or 
fragmentation that may have reduced plant diversity in native prairies. That insect 
diversity paralleled plant diversity, however, emphasizes both the relationship between 
the two and the importance of managing prairies to maximize plant diversity.
Because the insects in this study are all sap-feeding members of the Order 
Homoptera, future studies should focus on other indicator insect groups (e.g. butterflies, 
grasshoppers, and katydids) if the objective is to determine whether restorations are 
successful at maintaining the diversity of insects that fill other niches. Furthermore, 
long-term monitoring of the insect and plant communities would provide valuable 
information on the responses of insects to various management strategies, to successional 
changes in the plant community, and to different climatic conditions that may occur 
across time. Monitoring of isolated prairies eventually will also assess the effects of 
fragmentation on insect and plant diversity in both restored and native prairies.
Similarly, long-term monitoring will assess the degree to which certain management may 
minimize fragmentation effects and maintain high levels of diversity. Importantly, the 
difficulty and expense involved in restoring tallgrass prairie should make preservation 
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Appendix Table 7. Indicator values (IVmax) for all insect and plant taxa associated with 
native or restored prairie (0 = not dependent, 100 = highly dependent). Statistical 
significance of species indicator values was based on the Monte Carlo test. P = 
proportion of randomized trials with IVmax equal to or exceeding the actual IVmax; low 
P values indicate significant dependence on a particular habitat type (P < 0.05).
Species Habitat Type IVmax P
Leafhoppers
Agallia quadripunctata Restored Prairie 22.2 1.000
Amplicephalus inimicus Restored Prairie 80.3 0.005
Amplicephalus kansiensis Native Prairie 48.1 0.185
Athysanus argentarius Native Prairie 99.0 0.005
Attenuipyga minor Restored Prairie 76.5 0.100
Balclutha sp. Restored Prairie 37.5 0.569
Balclutha neglecta Restored Prairie 51.0 0.908
Cer at agallia sp. Restored Prairie 74.2 0.075
Ceratagallia humilis Restored Prairie 33.3 0.451
Cer at agallia uhleri Restored Prairie 61.6 0.358
Ceratagallia viator Restored Prairie 16.7 1.000
Chlorotettix sp. Native Prairie 55.2 0.324
Chlorotettix fallax Restored Prairie 52.2 0.301
Chlorotettix spatulatus Restored Prairie 82.3 0.031
Cicadula ciliata Native Prairie 16.7 1.000
Commellus comma Restored Prairie 100.0 0.005
Cuerna sp. Restored Prairie 16.7 1.000
Cuerna sayi Native Prairie 50.0 0.179
Deltocephalus flavicostatus Restored Prairie 16.7 1.000
Dikraneura angustata Restored Prairie 40.1 0.419
Dikraneura mali Native Prairie 56.5 0.244
Diplocolenus configuratus Native Prairie 29.2 0.451
Draeculacephala sp. Restored Prairie 46.5 0.281
Draeculacephala constricta Native Prairie 66.2 0.228
Draeculacephala noveboracensis Native Prairie 33.3 0.437
Driotura gammaroides Restored Prairie 33.3 0.437
Elymana sp. Restored Prairie 16.7 1.000
Empoasca sp. Restored Prairie 60.2 0.158
Erythroneura sp. Restored Prairie 16.7 1.000
Erythroneura tricincta Restored Prairie 16.7 1.000
Exitianus exitiosus Native Prairie 65.3 0.319
Extrusanus oryssus Native Prairie 50.0 0.188
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Appendix Table 7 (continued). Indicator values {IVmax) for all insect and plant taxa 
associated with native or restored prairie (0 = not dependent, 100 = highly dependent). 
Statistical significance of species indicator values was based on the Monte Carlo test. P = 
proportion of randomized trials with IVmax equal to or exceeding the actual IVmax; low 
P  values indicate significant dependence on a particular habitat type {P < 0.05).
Species Habitat Type IVmax P
Leafhoppers (continued)
Extrusanus ovatus Restored Prairie 60.1 0.050
Flexamia sp. Native Prairie 40.1 0.520
Flexamia albida Restored Prairie 16.7 1.000
Flexamia inflata Native Prairie 28.6 0.437
Flexamia prairiana Native Prairie 78.6 0.166
Flexamia reflexa Restored Prairie 16.7 1.000
Graminella mohri Restored Prairie 44.6 0.820
Graminella nigrifrons ' Restored Prairie 16.7 1.000
Graphocephala do lo brata Restored Prairie 66.7 0.054
Graphocephala sp. nov. Native Prairie 8.3 1.000
Gyponana sp. Native Prairie 8.3 1.000
Gyponana serpent a Restored Prairie 16.7 1.000
Hecalus sp. Native Prairie 32.5 1.000
Hecalus major Native Prairie 64.2 0.053
Hecalus viridis Restored Prairie 16.7 1.000
Laevicephalus minimus Restored Prairie 23.9 0.879
Laevicephalus unicoloratus Native Prairie 65.8 0.391
Latalus sayii Restored Prairie 66.7 0.063
Limotettix ferganiensis Native Prairie 50.0 0.196
Limotettix osborni Restored Prairie 100.0 0.005
Macrosteles quadrilineatus Native Prairie 72.9 0.135
Macrosteles wilburi Restored Prairie 50.0 0.176
Memnonia flavida Restored Prairie 39.1 0.578
Mesamia straminea Restored Prairie 32.0 0.444
Mocuellus caprillus Restored Prairie 16.7 1.000
Neocoelidia magnificus Native Prairie 50.0 0.173
Neocoelidia tumidifrons Restored Prairie 16.7 1.000
Paraphlepsius sp. Restored Prairie 19.0 1.000
Paraphlepsius irroratus Restored Prairie 22.3 1.000
Paraphlepsius nebulosus Restored Prairie 16.7 1.000
Pendarus magnus Native Prairie 23.9 0.873
Poly ami a caper at a Native Prairie 39.4 0.586
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Appendix Table 7 (continued). Indicator values (IVmax) for all insect and plant taxa 
associated with native or restored prairie (0 = not dependent, 100 = highly dependent). 
Statistical significance of species indicator values was based on the Monte Carlo test. P = 
proportion of randomized trials with IVmax equal to or exceeding the actual IVmax; low 
P values indicate significant dependence on a particular habitat type (P < 0.05).
Species Habitat Type IVmax P
Leafhoppers (continued)
Polyamia dilata Native Prairie 16.7 1.000
Prairiana sp. Restored Prairie 16.7 1.000
Psammotettix sp. Native Prairie 8.3 1.000
Psammotettix lividellus Native Prairie 83.8 0.026
Scaphytopius cinereus Restored Prairie 96.7 0.008
Stirellus bicolor Native Prairie 74.5 0.201
Xerophloea peltata Native Prairie 33.3 0.479
Planthoppers
Acanalonia bivittata Restored Prairie 83.3 0.020
Cedusa sp. Native Prairie 16.7 1.000
Delphacodes campestris Restored Prairie 62.7 0.329
Delphacodes megadonta Restored Prairie 16.7 1.000
Delphacodes nr. megadonta Native Prairie 47.2 0.308
Delphacodes parvula Restored Prairie 68.7 0.214
Myndus sp. Restored Prairie 16.7 1.000
Pentagramma longistylata Native Prairie 33.3 0.448
Prokelisia crocea Native Prairie 61.9 0.262
Scolops sp. Restored Prairie 16.7 1.000
Scolops angustatus Restored Prairie 33.3 0.453
Scolops perdix Restored Prairie 16.7 1.000
Scolops sulcipes Restored Prairie 83.6 0.037
Stenocranus sp. Native Prairie 16.7 1.000
Stobaera tricarinata Restored Prairie 48.4 0.418
reehoppers
Campylenchia latipes Restored Prairie 100.0 0.003
Micrutalis sp. Restored Prairie 41.3 0.416
Stictocephala bisonia Restored Prairie 33.3 0.464
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Appendix Table 7 (continued). Indicator values {IVmax) for all insect and plant taxa 
associated with native or restored prairie (0 = not dependent, 100 = highly dependent). 
Statistical significance of species indicator values was based on the Monte Carlo test. P = 
proportion of randomized trials with IVmax equal to or exceeding the actual IVmax\ low 
P  values indicate significant dependence on a particular habitat type (P < 0.05).
Species Habitat Type IVmax P
Plants
Agropyron caninum Native Prairie 29.2 0.728
Agrostis stolonifera Native Prairie 100.0 0.004
Allium canadense Restored Prairie 16.7 1.000
Ambrosia artemisiifolia Restored Prairie 33.3 0.481
Ambrosia trifida Restored Prairie 33.3 0.460
Andropogon gerardii Native Prairie 51.4 0.851
Apocynum cannabinum Native Prairie 66.7 0.056
Asclepias sp. Restored Prairie 29.4 0.721
Asclepias speciosa Restored Prairie 49.0 0.285
Asclepias syriaca Native Prairie 8.3 1.000
Asclepias verticillata Restored Prairie 33.3 0.438
Astragalus canadensis Restored Prairie 50.0 0.185
Aster ericoides Restored Prairie 79.4 0.077
Aster simplex Native Prairie 14.8 0.727
Bouteloua curtipendula Restored Prairie 16.7 1.000
Bromus inermis Native Prairie 49.8 0.190
Bromus japonicus Restored Prairie 50.0 0.166
Callirhoe involucrata Native Prairie 15.2 1.000
Calamagrostis sp. Native Prairie 100.0 0.004
Car ex sp. Native Prairie 82.6 0.032
Carex brevior Restored Prairie 50.0 0.185
Car ex crawei Native Prairie 30.6 0.736
Carex gravida Restored Prairie 16.7 1.000
Carex pellida Native Prairie 16.7 1.000
Carex tetanica Native Prairie 33.3 0.455
Cirsium altissimum Restored Prairie 16.7 1.000
Cirsiumflodmanii Native Prairie 33.3 0.456
Conyza sp. Native Prairie 16.7 1.000
Cornus drummondii Restored Prairie 66.7 0.058
Daleu Candida Restored Prairie 16.7 1.000
Dale a purpurea Restored Prairie 49.8 0.174
Desmodium canadense Restored Prairie 16.7 1.000
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Appendix Table 7 (continued). Indicator values (IVmax) for all insect and plant taxa 
associated with native or restored prairie (0 = not dependent, 100 = highly dependent). 
Statistical significance of species indicator values was based on the Monte Carlo test. P = 
proportion of randomized trials with IVmax equal to or exceeding the actual IVmax; low 
P values indicate significant dependence on a particular habitat type (P < 0.05).
Species Habitat Type IVmax
Plants (continued)
Desmanthus illinoensis Restored Prairie 80.9 0.017
Eleocharis sp. Native Prairie 100.0 0.004
Elymus canadensis Restored Prairie 83.3 0.009
Equisetum sp. Native Prairie 100.0 0.004
Erigeron strigosus Native Prairie 22.2 1.000
Eupatorium altissimum Restored Prairie 16.7 1.000
Galium sp. Restored Prairie 33.3 0.460
Helianthus maximilianii Restored Prairie 64.9 0.146
Helianthus rigidus Restored Prairie 66.7 0.056
Hordeum jubatum Native Prairie 16.7 1.000
Hypoxis hirsuta Native Prairie 33.3 0.458
Juncus dudleyi Native Prairie 16.7 1.000
Juncus torreyi Native Prairie 16.7 1.000
Lespedeza capitata Restored Prairie 16.7 1.000
Lippia sp. Native Prairie 16.7 1.000
Lycopus sp. Native Prairie 33.3 0.455
Lycopus americanus Native Prairie 16.7 1.000
Medicago lupulina Restored Prairie 50.0 0.200
Melilotus sp. Restored Prairie 16.7 1.000
Melilotus officinalis Restored Prairie 33.3 0.443
Monarda fistulosa Restored Prairie 50.0 0.192
Muhlenbergia sp. Native Prairie 16.7 1.000
Oxalis stricta Restored Prairie 16.7 1.000
Panicum virgatum Native Prairie 65.7 0.185
Penstemon digitalis Restored Prairie 16.7 1.000
Physalis virginiana Native Prairie 16.7 1.000
Poa pratensis Native Prairie 66.7 0.057
Populus deltoides Restored Prairie 16.7 1.000
Pycnanthemum virginianum Restored Prairie 16.7 1.000
Ratibida columnifera Restored Prairie 16.7 i.ooo
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Appendix Table 7 (continued). Indicator values (IVmax) for all insect and plant taxa 
associated with native or restored prairie (0 = not dependent, 100 = highly dependent). 
Statistical significance of species indicator values was based on the Monte Carlo test. P = 
proportion of randomized trials with IVmax equal to or exceeding the actual IVmax; low 
P values indicate significant dependence on a particular habitat type (P < 0.05).
Species Habitat Type IVmax P
Plants (continued)
Rosa sp. Restored Prairie 33.3 0.438
Rosa woodsii Restored Prairie 50.0 0.180
Rudbeckia hirta Restored Prairie 13.1 1.000
Schrankia nuttallii Restored Prairie 16.7 1.000
Scirpus sp. Native Prairie 33.3 0.455
Scirpus pungens Native Prairie 33.3 0.455
Scutellaria sp. Native Prairie 16.7 1.000
Senecio plattensis Native Prairie 16.7 1.000
Setaria sp. Restored Prairie 16.7 1.000
Silphium integrifolium Restored Prairie 33.3 0.467
Smilacina racemosa Native Prairie 33.3 0.455
Solidago canadensis Restored Prairie 49.9 0.180
Solidago gigantea Restored Prairie 33.3 0.467
Solidago missouriensis Restored Prairie 16.7 1.000
Solidago rigida Restored Prairie 50.0 0.192
Sorghastrum nutans Native Prairie 59.4 0.334
Spartina pectinata Native Prairie 83.0 0.025
Sporobolus asper Native Prairie 16.7 1.000
Symphoricarpos orbiculatus Restored Prairie 16.7 1.000
Taraxacum officinale Restored Prairie 65.2 0.102
Vernonia baldwinii Native Prairie 16.7 1.000
Verbena stricta Restored Prairie 16.7 1.000
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Appendix Table 9. Plant species collected at native and restored prairies and ordered by
plant guild. Canopy cover values are from the sampling period (June or August) with the
highest average canopy cover.
Species____________________________ Native Prairie____________ Restored Prairie
Native C4 Grasses Mean S.E. Mean S.E,
Andropogon gerardii 50 6.6 48 6.3
Bouteloua curtipendula 0 0 trace -
Muhlenbergia sp. trace - 0 0
Panicum virgatum 33 6.4 9 3.3
Setaria sp. 0 0 trace -
Sorghastrum nutans 39 5.5 16 3.8
Spartina pectinata . 22 4.9 trace -
Sporobolus asper trace - 0 0
Native C3 Grasses
Agropyron caninum trace - trace -
Calamagrostis sp. 12 3.3 0 0
Elymus canadensis 0 0 30 5.3
Hordeum jubatum 0.042 0.042 0 0
Exotic C3 Grasses
Agrostis stolonifera 13 3.2 0 0
Bromus inermis 21 6.1 trace -
Bromus japonicus 0 0 1 0.5
Poa pratensis 15 4.5 0 0
Sedges and Rushes
Carex sp. 11 2.7 trace -
Carex brevoir 0 0 trace -
Carex crawei 1 ' 0.5 trace -
Carex gravida 0 0 trace -
Carex pellita trace - 0 0
Carex tetanic a trace - 0 0
Eleocharis sp. 6 2.2 0 0
Juncus dudleyi trace - 0 0
Juncus torreyi trace - 0 0
Scirpus sp. trace - 0 0
Scirpus pungens trace = 0 0
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Appendix Table 9 (continued). Plant species collected at native and restored prairies and
ordered by plant guild. Canopy cover values are from the sampling period (June or
August) with the highest average canopy cover.
Species Native Prairie Restored Prairie
Woody Plants Mean S.E. Mean S.E.
Cornus drummondii 0 0 trace -
Populus deltoides 0 0 trace -
Rosa sp. 0 0 trace -
Rosa woodsii 0 0 trace -
Symphoricarpos orbiculatus 0 0 trace -
Native Forbs
Allium canadense 0 0 trace -
Ambrosia artemisiifolia 0 0 trace -
Ambrosia trifida 0 0 trace -
Apocynum cannabinum 3 1.0 trace -
Asclepias sp. trace - trace -
Asclepias sped  os a trace - trace -
Asclepias syriaca . trace - trace -
Asclepias verticillata 0 0 trace -
Astragalus canadensis 0 0 8 4.3
Aster ericoides trace - 5 2.2
Aster simplex trace - trace -
Callirhoe involucrata trace - trace -
Cirsium altissimum 0 0 trace -
Cirsium flodmanii trace - 0 0
Conyza sp. trace - 0 0
Dalea Candida trace trace -
Dalea purpurea trace - 4 2.1
Desmodium canescens 0 0 1 1.2
Desmanthus illinoensis trace - 16 4.1
Equisetum sp. trace - 0 0
Erigeron strigosus trace - trace -
Eupatorium altissimum 0 0 trace -
Galium sp. 0 0 trace -
Helianthus maximilianii 4 3.3 16 4.9
Helianthus rigidus 0 0 4 1.8
Hypoxis hirsuta trace - 0 0
Lespedeza capitata 0 0 trace -
Lippia sp. trace - 0 0
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Appendix Table 9 (continued). Plant species collected at native and restored prairies and
ordered by plant guild. Canopy cover values are from the sampling period (June or
August) with the highest average canopy cover.
Species Native Prairie Restored Prairie
Native Forbs (continued) Mean S.E. Mean S.E.
Lycopus sp. trace - 0 0
Lycopus americanus trace - 0 0
Medicago lupulina 0 0 trace -
Monarda fistulosa 0 0 trace -
Oxalis strict a 0 0 trace -
Penstemon digitalis 0 0 trace -
Physalis virginiana trace - 0 0
Pycnanthemum virginianum 0 0 trace -
Ratibida columnifera 0 0 trace -
Rudbeckia hirta trace - trace -
Schrankia nuttallii 0 0 1 1.2
Scutellaria sp. trace - 0 0
Senecio plattensis trace - 0 0
Silphium integrifolium 0 0 trace -
Smilacina racemosa 2 0.7 0 0
Solidago canadensis trace - 8 3.0
Solidago gigantea 0 0 1 1.2
Solidago missouriensis 0 0 trace -
Solidago rigida 0 0 3 2.1
Vernonia baldwinii trace - 0 0
Verbena stricta 0 0 trace -
Viola sp. trace - 0 0
Exotic Forbs
Melilotus sp. 0 0 trace -
Melilotus officinalis 0 0 1 0.5
Taraxacum officinale trace - trace -
